Configurational temperature profile in confined fluids. I. Atomic fluid by Delhommelle, Jerome & Evans, Denis J.
Configurational temperature profile in confined fluids. I. Atomic fluid
Jerome Delhommelle and Denis J. Evans 
 
Citation: The Journal of Chemical Physics 114, 6229 (2001); doi: 10.1063/1.1355999 
View online: http://dx.doi.org/10.1063/1.1355999 
View Table of Contents: http://scitation.aip.org/content/aip/journal/jcp/114/14?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Squeezout phenomena and boundary layer formation of a model ionic liquid under confinement and charging 
J. Chem. Phys. 142, 064707 (2015); 10.1063/1.4907747 
 
Lyapunov spectra and conjugate-pairing rule for confined atomic fluids 
J. Chem. Phys. 132, 244508 (2010); 10.1063/1.3446809 
 
Fluid flow in nanopores: Accurate boundary conditions for carbon nanotubes 
J. Chem. Phys. 117, 8531 (2002); 10.1063/1.1512643 
 
Correspondence between configurational temperature and molecular kinetic temperature thermostats 
J. Chem. Phys. 117, 6016 (2002); 10.1063/1.1503771 
 
Configurational temperature profile in confined fluids. II. Molecular fluids 
J. Chem. Phys. 114, 6236 (2001); 10.1063/1.1356000 
 
 
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:
130.56.106.27 On: Mon, 19 Oct 2015 23:25:45
Configurational temperature profile in confined fluids. I. Atomic fluid
Jerome Delhommelle and Denis J. Evans
Research School of Chemistry, Australian National University, Canberra ACT 0200, Australia
~Received 12 September 2000; accepted 24 January 2001!
Two configurational expressions for the temperature are applied to the calculation of temperature
profiles within a confined atomic fluid in a narrow slit pore. The configurational temperatures
profiles so obtained are compared to the kinetic temperature, calculated from the equipartition
principle, in equilibrium ~EMD!, and nonequilibrium molecular dynamics ~NEMD! simulations of
planar Poiseuille flow. We show that one of the configurational expressions exhibits a system-size
dependence which prevents its application to the determination of high-resolution temperature
profiles. The other expression yields good agreement with the kinetic temperature profile in both
equilibrium and nonequilibrium systems. © 2001 American Institute of Physics.
@DOI: 10.1063/1.1355999#
I. INTRODUCTION
Until very recently, the calculation of temperature in
computer simulations was always based on the equipartition
principle. This expression of the temperature, that we will
term as the kinetic temperature, requires taking averages of
the kinetic energy in equilibrium system or of the peculiar
kinetic energy in nonequilibrium systems. In nonequilibrium
molecular dynamics ~NEMD! simulations of a confined
atomic fluid undergoing planar Poiseuille flow, the calcula-
tion of the peculiar kinetic energy is achieved in a two-stage
procedure.1–3 The streaming velocity of the fluid is first de-
termined by fitting an assumed profile to the streaming ve-
locity data. The peculiar momenta and hence the peculiar
kinetic energies are then calculated by subtraction of the fit-
ted streaming velocity profile. However it is unclear how one
might apply this procedure to the study of the flow of long
and/or flexible molecules.
Recent work has shown that the thermodynamic tem-
perature can be evaluated solely from configurational
information.4–8 In these configurational expressions, the tem-
perature is computed from the first and the second spatial
derivatives of the intermolecular potential energy. The appli-
cation of these expressions to the calculation of the tempera-
ture in nonequilibrium systems seems promising since it
would circumvent the difficult evaluation of the streaming
velocity.
The aim of this paper is to apply and to assert the reli-
ability of the configurational expressions of the temperature
as applied to the study of confined fluids. Specific difficulties
arise in the application of these expressions when one wants
to study a confined fluid. Jepps et al.7 have shown that
O(1/N) corrections to the configurational expressions for the
temperature exhibit variations with the density and the size
of the system studied. Confined fluids exhibit strong varia-
tions in the direction of the confinement.1–3,9–11 One has to
divide the channel into bins to determine a profile. The num-
ber of atoms per bin on which the configurational expres-
sions are applied is quite small and thus the issue of the
system-size dependence is enhanced in those systems. Two
different expressions for the configurational temperature are
tested in this work. In the first place, equilibrium molecular
dynamics of a confined atomic fluid is carried out. The ki-
netic temperature profile is compared with the two configu-
rational approximations to the temperature profiles. We care-
fully study the system-size dependence of the configurational
expressions. We then perform NEMD simulations of Poi-
seuille flow. In the latter, we first evaluate streaming velocity
profiles in order to calculate the peculiar kinetic energy and
hence the kinetic temperature. We then compare the tem-
perature profiles obtained using the multistage kinetic and
the single stage configurational determination of the tem-
perature profile.
The paper is organized as follows. We first give the
mathematical expressions for the configurational temperature
used in this work. We then present the simulation details and
explain how the temperature profiles are determined. There-
after, comparisons between the various temperature profiles
are drawn in equilibrium and nonequilibrium systems.
II. CONFIGURATIONAL EXPRESSIONS FOR THE
TEMPERATURE
A. General expressions
Let us consider an N-atom system. We denote a phase
space vector by G[(q1 ,. . . ,qN ,p1 ,. . . ,pN), where qN is the
position coordinate of atom N and pN its momentum. We
now define a microcanonical ~NVE! ensemble for a given
Hamiltonian H(G)(5K(p1 ,. . . ,pN)1V(q1 ,. . . ,qN)) by the
set of phase points, termed as mC(E), whose energies lie
between E and E1dE , where udEu!E , with Boltzmann’s
equal a priori probability assumption. The entropy of this
ensemble is related to its phase space volume through
S~E !5kB ln~Vr~N ,V ,E !!5kB ln E
mC~E !
dG. ~1!
The thermodynamic temperature is obtained through the fol-
lowing differentiation:
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1
T 5
]S
]EUV . ~2!
Rugh4 initially proposed a scheme to evaluate the tem-
perature by calculating this derivative. In this scheme, the
phase points G of the ~NVE! ensemble are displaced to the
points G8 along the phase space gradient of the Hamiltonian,
G8~G!5G1n~G!DE5G1
GH~G!
H~G!GH~G! DE , ~3!
where DE stands for a change in energy of the system. The
matrix G is quite a general matrix.4 However it must satisfy
the equation,
H~G!GH~G!Þ0. ~4!
The entropy of the (NV(E1DE)) microcanonical ensemble
is
S~E1DE !5kB ln E
mC~E1DE !
dG5kB ln E
mC~E !
J~G!dG,
~5!
where J(G) is the Jacobian of the transformation G→G8. To
first order in DE , it is equal to
J~G!5U]G8~G!]G U511n~G!DE . ~6!
Therefore, introducing Eqs. ~5! and ~6! in Eq. ~1!, we obtain
the following expression for the temperature:
1
T 5
]S
]EUV5kB^n&. ~7!
It has been shown that this expression holds for the micro-
canonical and the canonical ensembles.7 If we now choose
the matrix G such as gi j5d i j if i and j refer to coordinate
variables and 0 otherwise, we obtain
1
T 5kBK 2( i iFi( iFi2 2 ( i jFiFj : iFj~( iFi2!2 L , ~8!
where the index i ~or j! refers to an atom, Fi represents the
force acting on atom i,  i is the gradient vector with respect
to the Cartesian coordinates of atom i and : is the dyadic
operator ~i.e., for vectors a,b, and matrix M,ab:M
5Sa ,baabbM ba!. This expression is computationally ex-
pensive since the second term of the right-hand side of Eq.
~8! involves calculations which assume the forces to have
already been evaluated, thus requiring a second force loop.
However, in the case of a short-ranged potential, this term is
of the order of 1/N ~since FiFj : iFi tends to zero for large
atomic separations! and vanishes in the thermodynamic
limit. We can thus define the following order 1 expression
for the temperature:
1
kBTcon1
5
^2( i iFi&
^( iFi
2&
. ~9!
Jepps et al.7 have recently provided a more general expres-
sion of Rugh’s theorem,
1
T 5kB
^B~G!&
^HB~G!& , ~10!
where B(G) is an arbitrary phase space vector field. This
expression holds for the microcanonical and the canonical
ensemble. We note that if we replace B(G) by n(G), we
obtain Rugh’s expression. If we now substitute G(H) for
B(G), we obtain a second configurational expression for the
temperature, termed as Tcon F ~the label ‘‘F’’ indicates that
this expression is a fraction of two averages!,
1
kBTconF
5
^2( i iFi&
^( iFi
2&
. ~11!
B. Application to confined systems
In this section, we explain how one can modify the gen-
eral expressions derived in the previous section to study sys-
tems of specific geometries. In the case of a confined fluid, it
is for instance of interest to calculate the temperature along
the direction of confinement. We use the fact that there is
considerable freedom in the choice of matrix G.
If we divide the confined fluid into bins along y ~the
geometry of the system is shown in Fig. 1! and if we choose
G such as gi j5d i jd ibd jb if i and j refer to coordinate vari-
ables ~d ib is equal to 1 if the atom associated with i is located
into bin, b! and 0 otherwise, we obtain for the first order
configurational temperature,
^Tcon1~yb!&5K 2( i51iPbNbin iFi( i51
iPb
NbinFi
2 L , ~12!
and the configurational temperature, as expressed in Eq. ~11!,
is evaluated as
^TconF~yb!&5
K 2( i51
iPb
Nbin
„ iFiL
K ( i51
iPb
NbinFi
2L . ~13!
We note that this one way to compute a configurational
temperature profile. There are of course many other possible
ways since the matrix G is not unique. We also add that,
FIG. 1. Simulation geometry for planar Poiseuille flow. The z axis is normal
to the page.
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using the property of matrix G, it is possible to derive con-
figurational expressions for any kind of geometry.
III. METHOD
A. Simulation technique
The fluid and the wall atoms are modeled by the same
truncated and shifted Lennard-Jones potential. They interact
through the following formula:
u~ri j!524«F S sri j D
6
2S s
ri j
D 12G1u~rc! r<rc ,
~14!
u~ri j!50 r.rc ,
where ri j is the distance between atom i and atom j, rc is the
truncation distance, u(ri j) is the value taken by the potential
energy at the truncation point, and s and « are the distance
and energy parameters for the Lennard-Jones potential. In
this work, we have used two kinds of truncated and shifted
Lennard-Jones potential. The WCA potential12 is obtained by
truncating the Lennard-Jones potential at the distance for
which it takes its minimum value (rc521/6s). Since it is
truncated at its minimum, the WCA potential is purely repul-
sive. For computational reasons, most of the simulations
were performed using the WCA potential. However, as
pointed out by Travis and Gubbins,3 confined fluids simu-
lated using a potential model with or without an attractive
contribution do not exhibit the same features. We have there-
fore carried out a few simulations with a Lennard-Jones po-
tential truncated and shifted at rc52.5s . This potential will
be referred as LJ in the remainder of this paper.
The walls are three atomic layers thick. There are 3 lay-
ers of Nw572 atoms ~which amounts to a total number of
atoms N5216!, placed in a fcc lattice structure with a sur-
face density of Nws2/(LxLz)50.615, where Lx and Lz are
the dimensions of the simulation cell along the x and the z
axis, respectively, and the layer separation is 1.085 s. The
simulation cell is periodic in the three dimensions. There is
only one wall three layers thick per simulation cell. The sec-
ond wall is just the periodic image of the first wall. The wall
atoms are kept in place by a combination of harmonic teth-
ering forces13 and a constraint mechanism, based on Gauss’
principle of least constraint,14 which fixes the position of
each layer of the wall. The walls are also kept at a constant
reduced temperature of 0.722 by application of a Gaussian
thermostat.14
The equations of motion for wall atom i are therefore,
r˙i5
pi
m
, ~15a!
p˙i52K~ri2ri
eq!1Fi
WCA or LJ2api2jlL j , ~15b!
where K is the spring constant of the harmonic tethering
potential ~fixed to 150.15 in reduced units!, rieq is the equi-
librium site of atom i, Fi
WCA or LJ is the force acting on i due
to both wall–wall and wall–fluid interatomic interactions, a
is the thermostat multiplier, and lL j is the layer multiplier
for layer Lj ( j51,2,3).
The thermostat multiplier a and the layer multiplier lL j
are given by
a5
Nw( j51
N Fjpj2(k513 ~j( i51
iPLk
Nw pi!~j( i51
iPLk
Nw Fi!
Nw( j51
N pjpj2(k513 ~j( i51
iPLk
Nw pi!~j( i51
iPLk
Nw pi!
,
~16!
lL j5
j
Nw (i51
iPL j
Nw
@2K~ri2ri
eq!1Fi
WCA or LJ2api# . ~17!
Most of the simulations were performed with 288 fluid
atoms. The pore width LPW is chosen to be equal to 4.0s.
There is no unambiguous definition for the volume acces-
sible to the fluid. In line with previous work,1–3 we choose to
define the effective pore width as LPWe5LPW2s . Simula-
tions are thus performed at a reduced density of the fluid of
0.82. The fluid atoms obey Newton’s equation of motion,
r˙i5
pi
m
, ~18a!
p˙i5Fi
WCA or LJ~1iFe!, ~18b!
where Fi
WCA or LJ is now the force acting on i due to both
fluid–fluid and wall–fluid interatomic interactions and iFe is
the external force used to drive the Poiseuille flow along the
x axis. The parentheses indicate that this term is only em-
ployed in NEMD simulations. It is implied that pi is the
laboratory momentum of atom i ~i.e., the sum of the peculiar
and streaming components!. It should also be noted that the
thermostat is applied to the wall atoms only ~in NEMD simu-
lations, viscous heat generated by the fluid is removed by
conduction through the walls!.
B. Calculation of density and temperature profiles
We used the method of planes to calculate the density
profiles.15 The simulation cell is divided along the y axis into
a number ~200 in this work! of equally spaced planes of Lx
3Lz area. The number density can then be evaluated at the
planes positions according to the following formula:
n¯~y !5 lim
t→‘
1
tA (i (0,tcr~ i !,t
1
u y˙ i~ tcr~ i !!u
, ~19!
where n¯(y) is the mean atomic density at a plane of coordi-
nate y, $tcr(i)% are the times at which the center-of-mass of
molecule i crosses the plane of coordinate y and y˙ i is the y
component of the velocity of atom i.
In NEMD simulations, the calculation of the kinetic tem-
perature requires computing the averages of the peculiar ki-
netic energy. We thus need to determine the streaming ve-
locity profile. We first evaluate the momentum density at the
planes positions,
Jx~y !5 lim
t→‘
1
tA (i (0,tcr~ i !,t
mx˙i~ tcr~ i !!
u y˙ i~ tcr~ i !!u
, ~20!
where Jx(y) is the average momentum density at y and x˙ i is
the x component of the velocity of atom i.
The average streaming velocity is obtained through its
definition,
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u¯x~y !5
Jx~y !
mn¯~y !
. ~21!
We then fit the streaming velocity profile to a functional
form that retains the Navier–Stokes solution ~i.e., a quadratic
profile! with the addition of a truncated Fourier cosine
series,2,3
u¯x~y !5a01a1y21 (
n>2
an cosS 2p~n21 !yLPWe D , ~22!
where the quantities a0 ,. . . ,an are fitting parameters.
In separate simulations, we then calculate the tempera-
ture profiles of the fluid. For this purpose, we divide the
simulation cell along the y axis into 40 bins and evaluate the
temperature in each bin in three different ways.
The kinetic temperature is given by
^Tkin~yb!&5
^( i51
iPb
Nbin
m@vi2iux~yi!#@vi2iux~yi!#&
^3Nb&
. ~23!
Because separate simulations runs are used to determine
ux(y) and Tkin(y), we do not have to reduce the number of
degrees of freedom from 3Nb in Eq. ~23!. The temperature is
also computed using the configurational expressions given in
Eqs. ~12! and ~13!. We note that only one computer simula-
tion run is needed to determine the configurational tempera-
tures. This is because no prior knowledge of the streaming
velocity is required in these cases.
The simulations were started by equilibrating an initially
crystalline fluid for one million time steps. In NEMD simu-
lations, it was followed by another one million time steps of
equilibration with the external field switched on and then,
one million time steps in order to determine the streaming
velocity profile. Production runs consisted of 4–10 millions
time steps in both equilibrium and NEMD simulations with a
reduced time step of 0.001.
IV. EQUILIBRIUM SIMULATIONS
The density profiles obtained from simulations of the
WCA and the LJ systems are shown in Fig. 2. Normal or-
dering in WCA or LJ fluids is a well understood
phenomenon.11,12,16 The oscillations in the density profile re-
sult from structure in the fluid pair correlation function and
the sharp cutoff in the fluid density at the wall. For both
systems, we observe high density peaks near the walls asso-
ciated with well-defined fluid layers. One can see from the
case of the LJ fluid that a higher density is observed close to
the walls when attractive forces are taken into account. Fur-
ther ordering is then induced along the y axis and yields a
density profile exhibiting five peaks for the LJ fluid as com-
pared to three for the WCA fluid. We also note that in both
cases, the density profile falls to essentially zero well before
the walls’ location of y*562.0 ~its value is less than 0.1
from approximately y*561.6! in agreement with our defi-
nition of the effective pore width.
The temperature profiles of the WCA system obtained
using Eqs. ~12!, ~13!, and ~23! are plotted in Fig. 3. The two
configurational expressions are in good agreement with the
kinetic temperature and give the expected flat profile. If one
considers the averages of the various temperatures in the
region between y*51.0 and y*521.0, the temperature
Tcon1 yields a deviation of 2.2% from the kinetic tempera-
ture, whereas the temperature TconF is in excellent agreement
with the kinetic temperature ~deviation of 0.05%!. Not sur-
prisingly, we observe some discrepancy for the bin closest to
the walls; very few atoms are contained in this bin resulting
in poor statistics and a reduced reliability for the configura-
tional expressions.
We then ran several simulations with different numbers
of fluid particles: ~1! to check that the two configurational
expressions give the same answer for a large system size, ~2!
to check that the Tcon1 expression exhibits a 1/N dependence
on the system size for the WCA potential, and ~3! to give an
estimate of the error made using the configurational expres-
sions for small systems ~and consequently to determine the
minimum system size for an accurate configurational tem-
perature!. It should also be noted that the importance of the
system size issue is enhanced in this kind of application
since the configurational expressions are applied in each bin
and not on the whole system ~i.e., on systems containing an
average of 16 atoms between y*521.5 and y*51.5 for a
fluid containing a total number of 288 atoms!. We have thus
run simulations with 144, 576, and 1152 fluid atoms within
the same four atomic diameters wide pore and keeping the
FIG. 2. Number density profiles for a WCA system ~dotted line! and a LJ
system ~straight line! at equilibrium.
FIG. 3. Temperature profile for a WCA system using the peculiar kinetic
energy ~filled circles! or the configurational expressions Tcon1 ~open squares!
or TconF ~open diamonds!.
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same number of bins. We have then taken the average value
of the three expressions for the temperature in the central
region ~between y*521.0 and y*51.0!. The results are
plotted against the inverse total size of the system ~which is
a multiple of the average number of atoms per bin! in Fig. 4.
One can see from this graph that the two configurational
expressions and the kinetic temperature give the same an-
swer in the thermodynamic limit and that Tcon1 clearly ex-
hibits a 1/N system size dependence. This effect prevents
one from using this expression to determine high resolution
temperature profiles for a reasonable total number of par-
ticles. However, it is shown that TconF can reliably be used
for this purpose since it yields an excellent agreement with
the kinetic temperature for all system sizes.
In recent work, Jepps et al.7 have shown that the con-
figurational expressions for the temperature depend on the
density of the studied system. Since the density profile of the
LJ system exhibits stronger and more numerous oscillations
than the WCA system, it is of interest to check that the
configurational temperature profiles are also correct for this
system. The configurational temperature profiles actually
show a little oscillatory behavior partly due to the density
dependence of the configurational expressions. However,
this phenomenon is also enhanced by the discontinuity of the
first and the second derivatives of the LJ potential at the
cutoff radius. A LJ potential whose first and second deriva-
tives are continuous can be obtained by truncating the LJ
potential at for instance 1.8s and by fitting a fifth order poly-
nomial function ~a fifth order spline! so that the potential
function and its first and second derivatives are continuous at
1.8s and at the cutoff radius. Using the LJ1spline potential
has no noticeable effect on the density profile and allows us
to slightly reduce ~by 25%! the amplitude of the oscillations
in the configurational temperature profiles ~Fig. 5!. We ob-
serve mainly the same features as in the case of the WCA
fluid: Tcon1 underestimates the temperature by 3% while
TconF again performs better and yields a deviation of 0.8%
from the kinetic temperature. Both configurational expres-
sions exhibit a little oscillatory behavior correlated with the
oscillations in the density profile.
The zeroth law of thermodynamics requires that the tem-
perature of this equilibrium system should be uniform. It is
remarkable that in spite of the finite size and the finite cutoff
effects, the amplitude of the oscillations in the configura-
tional temperature profiles in the WCA and in the LJ systems
are so weak given the strong oscillations in the density pro-
files. This is very likely due to a compensation of the contri-
butions from interactions between layers by contributions
from in-plane interactions.
V. NEMD SIMULATIONS OF PLANAR POISEUILLE
FLOW
The configurational expressions for the temperature are
now applied to the calculation of the temperature profile
within a confined fluid undergoing planar Poiseuille flow.
We first performed NEMD simulations with an external driv-
ing force of 0.1 for a WCA and also for a LJ fluid. Simula-
tions of the same systems have been recently performed.3
These simulations will provide a useful test of the NEMD
results presented here. We have also performed simulations
of a WCA fluid undergoing Poiseuille flow with an applied
force of 0.5.
The number density profiles for the three systems stud-
ied in this work are plotted in Fig. 6. The profiles obtained
with an external force of 0.1 exhibit the same features as the
FIG. 4. Variation of temperature values with system size. Temperatures are
reported as a fraction of the reduced kinetic temperature for both Tcon1 ~open
squares! and TconF ~open diamonds!.
FIG. 5. Temperature profile for a LJ1spline system using the peculiar ki-
netic energy ~filled circles! or the configurational expressions Tcon1 ~open
squares! or TconF ~open diamonds!. The density profile ~crosses! for this
system is also superimposed.
FIG. 6. Number density profiles for a WCA fluid with an external field of
0.1 ~straight line! and of 0.5 ~long dashed line! and for a LJ system ~dotted
line! with an external field of 0.1.
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results of Travis and Gubbins3 ~we note that the peaks close
to the walls are slightly higher in our results!. The same
overall structure as in the equilibrium system is observed.
The field acts as a perturbation about the fluid structure in-
duced by the confinement. The maxima in the density pro-
files close to the walls are reduced slightly and occur at
smaller values of uy*u as a result of the flow. Not surpris-
ingly, this phenomenon is enhanced at higher forces; we ob-
serve that increasing the applied force tends to displace at-
oms from the region near the walls towards the center of the
channel where the flow velocity is higher.
Figure 7 shows the scaled streaming velocity profiles
obtained by fitting the streaming velocity data for the three
systems. The three profiles differ strongly from the quadratic
Navier–Stokes profile and require the use of Eq. ~22! to be
satisfactorily described. Again, good agreement between our
results and those reported by Travis and Gubbins3 is ob-
tained. In particular, we observe several extrema in the ve-
locity profile. The presence of extrema in these profiles yield
zeros in the strain rate profiles and consequently, disconti-
nuities in the shear viscosity profiles if calculated using a
local relationship.3 The oscillations for a WCA fluid are less
important than for a LJ fluid and the profile is also flatter
around the center of the channel. We also note that the rela-
tive amplitude of these oscillations is reduced when the ap-
plied force is increased.
The temperature profiles are plotted in Fig. 8. The ki-
netic temperature profiles obtained for the WCA and the LJ
fluid with an external force of 0.1 are in quantitative agree-
ment with the findings of Travis and Gubbins.3 As observed
at equilibrium, the TconF expression performs better than the
Tcon1 expression and is in excellent agreement with the ki-
netic temperature in all cases. The discrepancy between the
two configurational expressions increases with the intensity
of the external force. One can also see that these expressions
underestimate the temperature for the two bins closest to the
walls for an external force of 0.5. However, at equilibrium
and for an external force of 0.1, only the closest bin to the
wall is associated with low configurational temperatures.
This is due to the fact that the peaks in the density profiles
are moved towards the center when the external force is in-
creased, resulting in a less reliable application of the configu-
rational expressions in the two closest bins for an external
force of 0.5.
VI. CONCLUSIONS
We have applied two recently derived configurational
expressions for the temperature to confined atomic fluids in a
slit pore with a width of four molecular diameters. The sys-
tem has first been divided into bins and the configurational
temperatures have been calculated in each of these bins. The
temperature profiles so obtained are then compared to the
kinetic temperature both at equilibrium and in NEMD simu-
lations of planar Poiseuille flow.
At equilibrium, the two configurational expressions are
in good agreement with the kinetic value. We point out that
the first-order expression Tcon1 exhibits a significant depen-
dence on the size of the system. This effect is enhanced by
the binning procedure used here to determine the profile. On
the other hand, the TconF expression yields a result in excel-
lent agreement with the kinetic value for all the systems sizes
studied.
In nonequilibrium systems, the calculation of the kinetic
temperature required the prior determination of the streaming
velocity profile. The peculiar kinetic energy and hence the
kinetic temperature were then calculated. Again, the results
obtained from the TconF expression were in excellent agree-
ment with the kinetic value.
The application of these configurational expressions to
the calculation of temperature profiles of confined molecular
fluids seems very promising. In this case, the determination
of the streaming velocity cannot be achieved as easily as in
the atomic case. The configurational expressions provide a
convenient way to overcome this difficulty and might allow
one to compute temperature profiles in, for instance, con-
fined lubricants such as alkanes. This will be the topic of
future work.
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FIG. 7. Scaled streaming velocity profiles obtained from fitting Eq. ~22! to
the streaming velocity data ~same legend as Fig. 6!.
FIG. 8. Temperature profiles for from bottom to top, a LJ fluid with an
external field of 0.1, a WCA fluid with an external field of 0.1 and of 0.5
~same legend as Fig. 3!.
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